Congenital aortic stenosis is no longer only an anatomical diagnosis, but also a haemodynamic one, since it is now possible to measure pressure gradients between the left ventricle and the ascending aorta. Not every anatomical abnormality causes a significant obstruction to the blood flow from the left ventricle.
Anatomically three types can be distinguished. (i) Supravalvar, in which there is a narrowing of the aorta I-3 cm. beyond the aortic valves.
(2) Valvar, in which there may be partial fusion of all commissures or total fusion of i commissure: this often causes the valve to appear bicuspid.
(3) Subvalvar: this may be a fibrous ring or a diaphragm below valve level or a diffuse muscular narrowing of the left ventricular outflow tract.
Infants with aortic stenosis often present with heart failure, and sudden death or death from left heart failure is not uncommon. In older children symptoms are found related to insufficient coronary or body circulation on exertion, such as attacks of pain in the chest or abdomen, dizziness, syncope, pain in the legs, and tiredness at the end of the day. The presence of symptoms indicates a severe degree of stenosis. All patients have a systolic murmur. A minority (io %'according to Keith, Rowe, and Vlad, I958) have a diastolic murmur suggesting some degree of incompetence. Often a thrill is felt. A systolic ejection click is considered to indicate a valvar stenosis.
In children, the heart commonly appears normal on radiography unless there is aortic incompetence or cardiac failure. Enlargement of the ascending aorta suggests a post-stenotic dilatation. The electrocardiogram often, but not always, shows features suggesting left ventricular hypertropy. Sometimes ST segment and T-wave changes are present constituting a so-called strain pattern.
The most common associated cardiac abnormalities are coarctation of the aorta and patent ductus arteriosus. Less frequent are abnormalities of the mitral, tricuspid, and pulmonary valves. Fibro-* Received April I, I964. elastosis is also associated with aortic stenosis. Calcified aortic stenosis, important in adults, is hardly ever seen in children.
Congenital aortic stenosis may also be associated with non-cardiac abnormalities in certain genetic syndromes; for example, Marfan's syndrome and von Recklinghausen's disease*. Supravalvar stenosis has recently been reported as part of a stenosis in which there is also mental retardation and a characteristic facial appearance (Beuren, Apitz, and Harmjanz, I962) . Aortic stenosis has been found associated with idiopathic hypercalcaemia in children. Black and Bonham Carter (I963) have presented several examples of aortic stenosis associated with the facies of severe infantile hypercalcaemia. The incidence of congenital heart disease among all live births probably approaches i % (Richards, Merritt, Samuels, and Langmann, i955) , and the incidence of aortic stenosis among all cases of congenital heart disease is about 3 % (Wood, I956; Keith et al., I958) ; therefore approximately I in 3,000 tO I in 4,000 live births have aortic stenosis.
Material and Methods
The present family study is based on I26 patients in 123 families attending the Hospital for Sick Children between January 195I and April I963. These I26 patients were selected from a total series of about 300 on the basis of certainty of diagnosis and of a domicile within the London area. The family histories were taken from the patients and on occasion from other relatives in their homes or when attending the congenital heart clinic. In I2 cases only, all belonging to Group I (see below), was a questionnaire used rather than personal interview.
For the purpose of the survey, the index patients were re-examined and a number of their brothers and sisters were also examined.
The patients were subdivided into three groups. Group II: 2I patients who were surgic for aortic stenosis between January 195] I963 and are still alive.
Group III: 87 patients on whom a dia made of aortic stenosis on clinical groun operation. Cardiac failure was present in the one patient under I year old. Of the 3 who have associated cardiac abnormalities, one is thought to have ITS: 2I ALL mitral incompetence, another had a coarctation of LIVE the aorta resected before the valvotomy was done, No. and a third was noted to have a supravalvar narrow-ing at the time of transventricular valvotomy. All patients had a systolic murmur; a pre-4 operative diastolic murmur was present in 5. All II patients in whom an ejection click was heard had 8 valvar stenosis. The abnormalities on the chest '3 radiograph, present in 8 of the I I patients so 2 I 9 examined, consisted of enlargement of the ascending 3 aorta in 7 and an enlargement of the heart shadow I1 in one. One of the 4 patients in whom the electro-I3 cardiogram did not suggest left ventricular hyper-3 trophy was found to have a peak systolic gradient I1 across the aortic valve of I6o mm. Hg. 21 Cardiological data on the patients in Group III 5 are listed in Table III . Recent radiographs of these 5 I6 children had not been taken as they were all doing 7 well. None of these patients had a history of rheu-I matic fever. A systolic murmur, incidentally found, '7 caused each child to be brought to the hospital. In II 75 of 87 patients the murmur was found before the Associated cardiac abnormalities were present in 9 patients. Of these, 4 had a coarctation which had been resected in 3; 2 had an aberrant right subclavian artery as well as a coarctation, both of which have been treated by operation; i patient had a coarctation and a patent ductus. Patent ductus only was present in 2, complicated by pulmonary hypertension in i of them.
Associated Non-cardiac MAlformations. The associated non-cardiac malformations in the I26 index patients are listed in Table IV . Apart from the known association with Turner's syndrome (2 patients), the rubella syndrome (i patient), and the newly described association with von Recklinghausen's disease, there is no marked association with any other type of defect. The total number of noncardiac malformations, however, excluding the known associations, is still more than one would expect in a random series of children of similar age distribution.
Genetic Findings
Sex-ratio. The sex distribution of each group is shown in Table V . Taking all the three groups together, there is a total of 78 boys and 48 girls, and when complex heart lesions are excluded the proportion is 6i tO 39. The sex ratio in either case is i -6. This is similar to, but lower than, that in other series: Edwards and Jones (I962) reported a sex ratio of 2, Braunwald, Goldblatt, Aygen, Rockoff, and Morrow (I963) a sex ratio of 4. Two girls in Group II and one in Group I have been diagnosed as having Turner's syndrome.
Parents. There are no instances of parental consanguinity and no parents gave a history of congenital heart defect.
Twins. Six index patients were twin-born, which is close to the expected proportion of I in 40. A deceased boy in Group I (i6) had a surviving twin brother, who had a patent ductus ligated and was later shown to have pulmonary stenosis and mitral incompetence. This pair were concordant for the presence of, but not the type of, heart malformation. The description by the parents left no doubt that this pair were dizygotic. Another boy in Group I (9) had an unaffected twin sister. Two boys in Group III (143 and I76) had unaffected twin sisters, a girl (148) had an unaffected twin sister, the pair differing in many characters and being clearly dizygotic. A Sibs. The number of non-twin full sibs is shown in Table VI. The 3 families each with 2 index patients (II2 and II3, I64 and I65, 177 and I78) are counted twice, once for each index patient. Details of the sibships are shown in the Appendix. The classification of sibs as unaffected was based in the majority of instances on information from the parents. It was possible, however, to examine 85 of the 253 sibs, and 2 of these 85 (sibs of patients II4 and I70) were found to have an unsuspected and symptomless heart lesion.
None of the 28 sibs of index patients in Group I was affected. None of the 38 sibs of male index patients in Group II was affected, but I girl (27) with valvar aortic stenosis had a younger sister with an apical systolic murmur of organic type, but a normal electrocardiogram; it is certain that this girl has a congenital heart lesion, but the type is not yet established. Another girl in Group II (40) with valvar aortic stenosis had a younger brother, dying at the age of 4 days; a hospital diagnosis of cyanotic congenital heart disease was made and this was the certified cause of death, but there was no necropsy, and the type of lesion was not established.
Of the 3 pairs of sibs in Group III in which both members of the pairs were index patients, the pair of girls, I 2 and 1I 3, both had a clinical diagnosis of coarctation of the aorta and aortic stenosis; this was confirmed at operation and in addition an aberrant right subclavian artery was found. The brother and sister pair, I64 and I65, both have signs of aortic stenosis and normal electrocardiograms. The brother and sister pair, I77 and 178, both have signs of aortic stenosis and an electrocardiogram indicating left ventricular hypertrophy. A boy (iI4) with signs of aortic stenosis has a younger sister diagnosed as having aortic stenosis because of an apical systolic murmur and electrocardiographic evidence of left ventricular hypertrophy. A boy (I70) with coarctation of the aorta and signs of aortic stenosis has a younger brother with a systolic murmur at the base of the heart and electrocardiographic evidence of left ventricular hypertrophy.
In summary, among the sibs of male index patients, i in 84 brothers and 3 in 82 sisters were affected. Among the sibs of female index patients, 3 in 47 brothers and 3 in 5I sisters were affected. The total incidence is IO in 253, i.e. 4% or, if the patients with known aetiology are excluded, and those with rubella syndrome (2), von Recklinghausen's disease (39), and Turner's syndrome (30 and 4I), the incidence is IO in 246, 4.I %.
Similarity of Heart Defects in Sibs and
Twins. In patients II2 and I13 the lesions proved to be strikingly similar. In patient I64 and his sister i65, patient I77 and his sister I78, patient 114 and his sister, the lesions are very probably similar. Patient I70 and his brother are probably concordant for aortic stenosis but not for coarctation. Patient 27 and her sister are possibly similar, but the diagnosis of aortic stenosis is not yet established in the younger sister. In contrast, patient i6 and his twin brother certainly, and patient 40 and her brother very probably, had different lesions. Maternal Age and Birth Order. There are no significant indications of maternal age or birth order effects. The maternal age distribution and the birth order distribution are shown in Table VII and there compared with an expected distribution based on the Registrar-General's figures for similar years of birth.
The mean maternal age is 28.4 and the mean birth order is og95 as compared with expected figures of 28 3 years and I-I7. The mean paternal age was 32 30 years.
Pregnancy Events. Only 4 mothers gave a history of infection in pregnancy, the infections being rubella in the first month (2), hepatitis in the second month (36), influenza in the third month (8), and mumps in the fourth month (34). Only in the first instance is the pregnancy event likely to be related to the heart defect.
Season of Birth. There is no definite indication that aortic stenosis shows any seasonal variation. The distribution of the whole group was, first quarter 38, second quarter 34, third quarter 26, and fourth quarter 27.
Discussion
The series now reported is the first systematic study of the families of patients with aortic stenosis.
The sex-ratio i -6 is of the same order as, but lower than, other series. Edwards and Jones (1962) found a sex-ratio of 'exactly 2' and Braunwald et al. (I963) a sex-ratio of 40.
The co-twins of index patients in this series provide little information as none were monozygotic. There were also no cases of aortic stenosis in the monozygotic twin series of Uchida and Rowe (1957) and Lamy, Grouchy, and Schweisguth (I957).
The proportion of sibs of index patients found affected with congenital heart disease in this series, i.e. 4 0 % with standard error of I *I %, is a minimum figure since it is possible that a few more sibs would have been found affected if all sibs, instead of about one-third, had been examined. This proportion is somewhat higher than that which has been found in family studies of index patients with mixed types of congenital heart disease: for example, McKeown The proportion of sibs affected in this series is also higher than that found in family studies of specific types of malformations: I 2 % for patent ductus (Anderson, I954), 2zI % for patent ductus (Polani and Campbell, i960), i i % for atrial septal defect (Campbell and Polani, Ig6Ib) , and 0o4% for coarctation (Campbell and Polani, i96ia) . Some of these published series, however, are not comparable with the present survey in that most of the family data for them were collected by a questionnaire and few sibs were examined.
The findings for the proportion of sibs affected are not striking in relation to the over-all incidence of congenital heart disease at birth, which in people of north-west European ancestry probably lies between o05 and I %.
Much more striking, however, is the family concentration of the same type of malformation in the sibs in this and other series. The incidence in the general population of aortic stenosis, as mentioned above, is probably less than i in 3,ooo births.
It may be concluded that genetic factors play some part in the aetiology of congenital aortic stenosis, as in other types of congenital heart malformations, and that these factors are specific for the individual type of cardiac malformation. Summary A family study of I26 index patients with aortic stenosis in 123 families is reported. These patients attended The Hospital for Sick Children between January I95I and April 1963. Of these, i8 patients were dead, 2I had been treated surgically and were alive and well, 87 had a diagnosis made on clinical grounds only. A summar of the clinical findings in each group is given. Maternal age, birth order, and season of the year had no detectable influence.
There were no instances of parental consanguinity. The sex-ratio is i-6, a rather lower sex-ratio than has been found in other series.
Six index patients had dizygotic or probable dizygotic co-twins of whom one only had a congenital heart disease, and this was of different type from that in the index patient. No index patient had a monozygotic co-twin.
Of the sibs of the male index patients i in 84 brothers and 3 in 82 sisters had congenital heart defects. Of the sibs of female index patients, 3 in 47 brothers and 3 in 51 sisters had congenital heart disease. The total proportion of sibs affected was 4 o %. In 8 out of Io instances, the affected sib had a lesion probably or certainly including aortic stenosis.
It is concluded that the incidence of aortic stenosis in the sibs of index patients is about Ioo times that in the general population, but that the incidence of other cardiac malformations in sibs is little more than that in the general population.
We wish to thank Dr Gerald Graham for his help and advice, and Mrs K. A. Evans for help with the visits to the families and with the analysis of the data. 
